Airy Shaw (1965) entertained serious doubts about inclusion of several oldfieldioid genera in Euphorbiaceae. Accordingly, he proposed Androstachydaceae, of uncertain relationships, to accommodate Androstachys; he recognized Picrodendraceae as distinct from but allied to Euphorbiaceae; and he viewed Aristogeitonia, Calaenodendron Standley, Mischodon, Oldfieldia, and Piranhea as occupying an intermediate position between these families (Airy Shaw, 1966 Shaw, , 1972 Shaw, , 1973 . Airy Shaw (1983) continued to accept an isolated taxonomic position for Stenolobeae (including Pseudanthinae), but he did, consistently, group the remaining Australasian genera of Oldfieldioideae in adjacent tribes in several of his informal or tentative classification systems (e.g., Airy Shaw, 1975 Shaw, , 1980b Shaw, , 1983 
DESCRIPTION, CIRCUMSCRIPTION, AND DISTRIBUTION
Plants of Oldfieldioideae are woody, ranging from low depressed shrubs to tall trees. Latex is absent and vestiture consists of unicellular or uniseriate trichomes. Leaves are alternate, opposite, or whorled *and may be simple or palmately compound; petiolar and laminar glands are absent; stipules may be present or absent. Leaves may be strongly reduced in xerophytic species. Plants are typically dioecious. Flowers are apetalous, and most lack discs. Stamens range from three to many. Pollen is binucleate, with four to many brevicolporate to pororate apertures; the exine lacks a foot layer, bears a discontinuous interstitium and thick perforate tectum with prominent supratectal spines (Levin & Simpson, 1994, The first comprehensive classification of Oldfieldioideae (Webster, 1975) (Levin, 1986 (Levin, , 1992 (Levin, 1986) .
Venation is always pinnate, most frequently festooned brochidodromous (Figs. 2, 3) . In addition to brochidodromy, however, leaves of Longetia (Figs. 5, 12) plus Dissiliaria, Mischodon, Parodiodendron (Fig. 6) , and Podocalyx; otherwise, areoles are imperfectly developed. Areoles are usually arranged randomly, but are oriented in Celaenodendron and somewhat oriented in Picrodendron, Piranhea, and Dissiliaria. Veinlets are usually present and mostly simple or branched; the degree of branching varies widely, tending to be most highly branched in leaves with low regularity of tertiary and higher order veins. Veinlets are absent in Androstachys (Fig. 12 ), but they may appear to be present upon superficial examination because of the columnar sclereids located in each areole (see below). (Levin, 1986 ), but otherwise brachyparacytic (Fig. 14) or derived from a brachyparacytic pattern. For example, intruding lobes of adjacent cells tend to form an anomocytic pattern in Tetracoccus as viewed from the surface; paradermal sections, however, reveal typical brachyparacytic configurations. The most frequent modification of stomatal type is the tendency for one or both of the subsidiary cells to become subdivided into two or three smaller cells; subdivision of subsidiary cells may be a consistent feature in a given taxon, or it may be sporadic, affecting only some stomata or only one subsidiary cell of a given pair. Subdivided brachyparacytic stomata occur in Androstachys, where the pattern has been described as incompletely cyclocytic , Aristogeitonia, some species of Austrobuxus (Fig.  15) , Hyaenanche, Mischodon, Picrodendron, and Pseudanthus. The paracytic stomata of Paradrypetes are also subdivided in a similar fashion (Levin, 1986) . The distribution of subdivided subsidiary cells does not follow any obvious taxonomic grouping within the subfamily. Within Phyllanthoideae, brachyparacytic stomata are characteristic of Bridelieae, Drypeteae, Phyllantheae-Fleuggeinae, and certain genera of Wielandieae; moreover, subdivided brachyparacytic stomata occur in Lachnostylis Turcz. and Bridelia (Levin, 1986) . Raju & Rao (1977) reported brachyparacytic stomata to be the most common type among woody genera throughout Euphorbiaceae.
In most genera subsidiary cells extend partially over the inner periclinal walls of adjacent guard cells in a "semi-piggyback" fashion (Fig. 13) 16 ). These elements, occurring most frequently between the junction of palisade and spongy layers, are sufficiently abundant to obscure the presence of veinlets in clearings; they are not, however, directly connected to any vasculature.
Vasculature of the primary vein consists of adjacent (colateral) regions of xylem, phloem, and phloem fibers. Little taxonomic significance can be read into the overall configuration of primary vein vasculature, which ranges from broad shallow arcs to more tightly curved u-shaped arcs to closed loops; reduced leaves of desert xerophytes, however, tend to have patterns with minimal curvature (Figs. 18, 19) . Phloem fibers of the primary vein in Petalostigma and the Australian Pseudanthinae are unlignified (Figs. 18, 19) , in sharp contrast to the usual lignified condition of these cells in the rest of the subfamily. Smaller veins are frequently associated with a parenchymatous bundle sheath (Fig. 17) . Bundle sheath extensions that are merely parenchymatous occur in Longetia (Fig. 17) ; crys- (Fig. 11) , and Tetracoccus.
WOOD ANATOMY
Growth rings are often absent or only faintly visible. Growth rings are present, however, in Androstachys, Celaenodendron (Fig. 23) , Parodiodendron, Petalostigma, Podocalyx, Tetracoccus, and Australian Pseudanthinae (Fig. 24) Imperforate tracheary elements bear either simple or bordered pits. Elements with simple pits, i.e., libriform wood fibers, characterize the genera with compound leaves (Aristogeitonia, Celaenodendron, Oldfieldia, Piranhea, and Picrodendron) plus Dissiliaria, Hyaenanche, and Petalostigma; some of these may also possess elements with bordered pits. The remaining genera possess only elements with bordered pits; these cells are probably best characterized as fiber-tracheids by virtue of their relatively small pit borders and thick walls. However, because intervascular pits in some oldfieldioids are remarkably small, Androstachys, Aristogeitonia, and the Australian genera of Pseudanthinae, for example, pits of imperforate elements may be approximately equal to or slightly larger than intervascular pits in the same wood; by the criteria of Bailey (1936) such elements would be tracheids, by definition, despite their thick walls and pit diameters of 5 gim or less. "Tracheid," with its connotation of primitive conducting element, hardly seems appropriate for such cells. On the other hand, the tracheids of Podocalyx, with pit diameters up to 13 tm, attest more convincingly to primitive structure, and both fiber-tracheids and tracheids are present in Austrobuxus, distinguishable by both wall thickness (Fig. 22) and pit size. Bands of gelatinous fibers occur in woods of Australian Pseudanthinae (Fig. 24) , Hyaenanche, and Tetracoccus. Imperforate elements often possess such thick cell walls that lumina appear completely closed; Bamber (1974) noted that these thick-walled fibers lack an easily detectable S3 layer in Austrobuxus, Dissiliaria, and Petalostigma. Fibers are septate only in Parodiodendron.
Rays are numerous, generally more than 15 per mm; however, there are more than 20 per mm in Australian Pseudanthinae, and only 12 per mm in Androstachys and Oldfieldia. High ray frequencies are probably related to the general narrowness of individual rays. Rays are mostly 1-, 2-, or 3-seriate, but up to 4-or 5-seriate rays occur in Choriceras, Dissiliaria, Aristogeitonia, and Tetracoccus (Fig. 33) . Polymerous (vertically fused) rays are usually common (Fig. 32) ; however, they are infrequent or absent in Androstachys (Fig. 31) Mennega (1984) found tribal placement of Jablonskia Webster difficult, essentially because the wood of Jablonskia has an unusual combination of characters: specifically, vessel features of Aporusa-type woods and fiber and parenchyma features of Glochidion-type woods. In short, Jablonskia represents the reverse of the combination that characterizes most oldfieldioids. Mennega (1987) has noted additional transitional genera in her extensive survey of wood structure in Phyllanthoideae; moreover, woods of some phyllanthoids, e.g., Lachnostylis Turcz. and Savia, match the typical oldfieldioid pattern described above. Further, within Oldfieldioideae, Podocalyx and Paradrypetes possess essentially typical expressions of Aporusa-type structure. Clearly, the simple rubric of three wood types for biovulate euphorbs requires modification.
An evolutionary perspective of anatomical characters helps to clarify some of the complexity seen in woods of biovulate euphorbs. In accord with widely accepted hypotheses of wood evolution, Mennega (1987) has identified woods with long vessel elements, long scalariform perforation plates, medium to large intervascular pits, long thick-walled nonseptate fibers with bordered pits on both radial and tangential walls, and diffuse or narrowly banded axial xylem parenchyma to be primitive within Phyllanthoideae. Extant genera such as Aporusa, Blotia, and Protomegabaria Hutch. retain these features. Carlquist (1975) has argued convincingly that primitive vessel features are adaptive only in uniformly moist forest environments that impose minimal demands for water conduction. It may be assumed that adaptive radiation of primitive biovulate euphorbs into drier, or seasonally drier, habitats would be accompanied by evolution of more advanced vessel features. Similarly, one may reasonably suppose exploitation of nonforest and/or seasonal habitats to be associated with modification of mechanical and storage requirements of the wood; such changes would be manifest in both fiber and parenchyma features. Much of the diversity of biovulate euphorb wood structure may thus be interpreted in terms of divergence from primitive Aporusa-type structure, an ecologically restrictive syndrome of xylem features.
Within Phyllanthoideae, Aporusa-and Glochidion-type structure represent evolutionary extremes, but numerous transitional forms can be identified from Mennega's (1987) data. For example, tracking both perforation plates and development of septate fibers yields the following series of forms that may be viewed as intermediates between Aporusa-and Glochidion-type structure: Actephila, Chascotheca Urb., and Pentabrachium Muell. Arg. with exclusively scalariform perforations and some septate fibers; Celianella Jabl., Didymocystis Kuhlm., and Jablonskia with mixed simple and scalariform perforations and some septate fibers; Astrocasia Rob. & Greenm. and Discocarpus Klotzsch with simple perforations, but only some septate fibers. Similarly, within Aporusa-type woods, there is a clear transition of perforation plates from exclusively scalariform in Aporusa, Heywoodia, Hyeronima, Maesobotrya Benth., and Putranjiva, to mixed simple and scalariform in numerous genera and, finally, to exclusively simple in Lachnostylis and Savia. Of course, such sequences of extant genera should not be interpreted as the actual course of xylem evolution within Phyllanthoideae.
In terms of the gross vessel, fiber, and parenchyma features of Table 1 , the evolutionary transformation of wood in Oldfieldioideae seems parallel to that noted for Aporusa-type woods. In comparison, Phyllanthoideae experienced a greater range of wood diversification with the additional development of Glochidion-type woods.
Within Oldfieldioideae, Podocalyx and Paradrypetes stand out as probably the most primitive woods by virtue of their very long vessel elements, multiple perforation plates, and large transitional intervascular pits; presence of perforated ray cells in these genera may also be interpreted as primitive features. Overall, their woods are comparable to primitive phyllanthoid woods with Aporusa-type structure. The primitive woods of Paradrypetes and Podocalyx excepted, Oldfieldioideae generally have exclusively simple perforation plates and have lost perforated ray cells, but otherwise retain the features of Aporusa-type structure (cf. comments on Lachnostylis and Savia, above). Much of the diversity of oldfieldioid woods is restricted largely to what are, perhaps, minor themes such as element size (Figs. 22-27), vessel grouping (Figs. 22-27 ), ray dimensions (Figs. 31-33) , vessel-ray pitting, and parenchyma distribution (Figs. 22-27) . These minor themes, however, are responsible for con- On the other hand, the often reduced carpel number and drupaceous fruits of Drypetes show greater (or, at least, different) specialization than that found in many Oldfieldioideae. Further, chromosome numbers of n = 20 for Putranjiva (Gill et al., 1981) and 2n = 40 for Drypetes (Webster, 1967) are difficult to resolve with the counts suggesting x = 12 for Oldfieldioideae (see above). Extant Drypeteae are thus unsuitable as progenitors for Oldfieldioideae, but it remains conceivable that these taxa may have shared a common ancestor. Levin & Simpson (1988) noted that the spinules and discontinuous exine foot layer in pollen of Securinega Comm. ex Juss. sensu stricto suggested a close relationship with Oldfieldioideae. Despite exclusively simple perforation plates, the wood of Securinega conforms well to the Aporusa-type (and thus may be out of place in tribe Phyllantheae, as pointed out by (Levin & Simpson, 1994; Webster, 1994) .
The presence of crenulate "piggyback" subsidiary cells is a particularly striking synapomorphy linking all Australasian genera of Oldfieldioideae, plus the monotypic Hyaenanche, endemic to the western Cape of South Africa. Hyaenanche has no other obvious close relatives within Oldfieldioideae. Anatomically, its marginal venation is remarkable, but, apparently, autapomorphic. It is perhaps best viewed as a remnant of the Australasian stem of the subfamily, from which it has been separated since the breakup of Gondwanaland. Placement of Hyaenanche in a separate monogeneric subtribe seems appropriate.
Hyaenanche excluded, all other members of Tribe Caletieae share another epidermal feature, longitudinally chambered cells that bear copious mucilage deposits in their lower halves. Taken together, crenulate subsidiary cells and mucilaginous epidermis provide a robust definition of the Australasian lade. The Australasian genera also tend to have relatively low rank foliar venation and poorly defined areoles, but it seems these vein features are best interpreted as plesiomorphic. The distinctive epidermal features of Caletieae sensu lato are found in Scagea, which argues strongly for its placement here and not in Acalyphoideae or Crotonoideae as suggested by McPherson (1985) ; the uniovulate carpels of Scagea may thus be homoplasious with Acalyphoideae, Crotonoideae, and Euphorbioideae. Both Webster (1994) and Levin & Simpson (1994) divide the Australasian oldfieldioids into three subtribes, Dissiliariinae, Petalostigmatinae, and Pseudanthinae.
Aside from the epidermal characters that define the entire Australasian lade of Oldfieldioideae, the genera of subtribe Dissiliariinae share few phylogenetically significant anatomical structures. Woods of Dissiliariinae have irregular vessel-ray pits (Fig.  28 ), but this is probably a plesiomorphic feature in the subfamily. Leaf margins tend to be entire in Oldfieldioideae, but, as noted above, exceptional toothed leaves occur in species of Austrobuxus, Choriceras, and Dissiliaria, and this feature, too, is probably plesiomorphic. Austrobuxus, with a preponderance of solitary pores, long vessel elements (often > 1 mm), occasional scalariform perforations, and abundant tracheids, seems to be the least specialized genus of the subtribe in terms of wood anatomy. Anatomically, Dissiliaria stands apart from the remainder of its tribe by virtue of high rank venation, well-developed and somewhat oriented areoles, narrow ultimate tracheids in veinlets, fimbrial veins, wavy anticlinal walls of leaf epidermis cells, bundle sheath extensions, and libriform wood fibers.
W'hyanbeelia lacks crystal-bearing axial xylem parenchyma; in this respect it resembles wood of Petalostigma and Pseudanthinae; its retention in
